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: T ey T It 33,\. be of some service then to put the data once more into a
FANK EXPERIMENTS more usual form of presentinent and to examine them therein. On Dia-
IN THE LIGHT OF RECENT PUBLICATIONS. gram I I give the LILP. curves for all the ships of Mr. Froude's Type I

by
F. P. Purvis. Esq., Member,

(Read at the General Meeting of the Association of Naval Architects, November 13,1904.)

In my paper of two years ago I mentioned the fact that at the British
Admiralty Experimental tank at Gosport experiments had been made o
a serial nature, but that the results of such experiments were not available
for publication. This want of results is now at least partially supplied,
and the data of one important series given to the World in Mr. Froude's
I. N. A. paper of the present year.

The data are presented in the form that Mr. Froude devised some
years ago for the purpose of making them readily applicable to varying
dimensions of ships. The form is itself a most interesting feature of the
paper (and of two of Mr. Froude's earlier papers) ; the charm of it impresses
one the more it is studied ; it enables us to solve forthwith problems that
we wish to have solved. Does the LIH.P. vary with the cube of the speed ;
at what speeds do the humps and hollows of the speed curves occur ; does
the LH.P. vary as (displacement)3 ; what are the I.H Ps. of different ships
all having the same length and displacement; these are some of the
questions which are answered by mere inspection of Mr. Froude's diagrams
with little—if any—further calculations; they are answered for ships of
any size whatever, at all speeds within and indeed far beyond practical
limits. Notwithstanding this great advantage, the form is certainly not
attractive at first sight ; concrete data for particular ships seem to be wanting
from it, and one does not quite readily adapt oneself to a method which
while giving relation of speed, power, etc. for all sizes, does not on the
face of it give the relation for any definite size.

(series A) applicable to a length between perpendiculars of 350 feet; as
the relation of breadth to draught is a constant and their relation to
length the independent variable of this series, it follows that the displace-
ment varies as breadth and draught, i.e. as breadth?; from a study of the
paper it appears that 350 feet was the length of ship that Mr. Froude
contemplated as the point of departure for other types, so that my curves
probably reproduce his original plottings.® Submitting them to exami-
nation it may be seen that there are no distinct humps or hollows; the
lines of the ships are apparently so fine that—within the limits of the
experiments-—humps and hollows were not found. The rate of variation
of LH.P. with speed, taking as an example the curve for 7780 tons
displacement is

the 3'8th power at 18 knots,

w  5'4th By s 200 .

. g'oth G 28l

»  4oth e 187 (for which mmumon_u

=length in feet).
Making a series of cross curves of these LH.P. curves, we may examine
the variation of I H.P. for fixed speed and varying displacement.
Il gives this for speeds 23.05, 21.28, 17.74 knots (length of ship=350
feet), i.e. for

Diagram

v = 1.232 X Lt
LI3F X 4 «
948 x

From this diagram mou. better still from Mr, Froude's Fig. 6) we may see
ZEH at v= mﬁ.m x ¥ the power varies approximately as Eam_mnnam_:vx

It will be seen that the dis displacements on my nrumz_:_ do not m_:.nm agree with those on
Mr. H.,_.caﬁ—.m Fig. 6. They are worked out from the M values of the table on page 77 of Mr.
Froud’s paper. The C readings also of this table are subject to a very small correction for
surface friction, but this I have nct made.
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at v=1.137 % L* the power varics approximately as the displacement (for
a long range it varies exactly as the displacement); at v==1.232 X Lt
the I.H.P, varies rather more rapidly than the displacement. :

Now these variations appear to me to be among the very fundamental
variations that a speed estimator requires to know something about. In
my own estimating I endeavour to bring my type ships to the same
length as my design; I have sufficient data to also the exact speed,
without assumption; I choose amongst my types those examples
which most nearly conform to my design in breadth, dranght and fineness ;
I am sometimes fortunate enough to have one in which the fineness
is approximately the same as in my design ; breadth and draught, with
accompanying displacement, are then the only discrepant quantities. A
correction based upon the assumption that LH.P, = T:mc_mnm:ﬁ:&w is
easily made; but in the light of Mr. Froude’s results it is evident, that,
with his type I at least, and at high speeds, some other function of
displacement should be taken for this final correction, a function giving a
larger LHL.P. for increased breadth and draught.

In bis 1904 paper Mr. Froude does not give any results for varying
draughts of the same ship. I think, notwithstanding his omission, he
must have obtained such results ; in his LN.A. paper of 1888 in writing
of similar work, he says that experiments were generally made for three
different draughts, and three different fore and aft trims. In Fig. 3 of
ships, the effect of the
Putting his results into the concrete form applicable
to a length of 350 feet, and taking the two extreme cases of Fig. 3, (viz.,
ships Z and O) it appears that the variations dealt with are :—

the 1888 paper he gives, for twelve different
variation of draught,

7 O
Length & Breadth.. 350 % 75.8 350 % 36.9
Bravelt anaeg | 277 20.9 -32 Laa—T4uts . E55
Displacement ....... 12050 13400 14650 2550 28000 3070
BpeRd e e [ EO | 1667 3695 1266 1287 3
T (o e M [ 884 927 .006 .689 .692

Here the speed varies as well as the draught and displacement. Making
what seems to be a reasonable assumption as to variation with speed we
can get the residual variation of LHL.P. in terms of displacement ; it then
appears to be very nearly as (displacement)®. The evidence again is
limited to the speeds shown, the mean for Ship Z giving v=0.89x L,
and for Ship O, 2=0.69 x L¥; for other speeds the paper in question tells us
nothing.

Further information is supplied by Mr. Denny's paper in 1894 before
the International Engineering Congress at Chicago. Dealing with the
ship of fine form the assumption that LH.P. = (displacement)?, length of
ship being taken at 350 feet, is fairly well satisfied within the limits of
speed and displacement covered by the diagram, the rate of variation
being somewhat more rapid, perhaps as (displacement)® for speed =23.05
knots (i.e. v=1.232 L%).

In this paper I am not attempting to deal with a comparison of Types.
By cutting 10 feet off Type I. Mr. Froude produces Type II. This 340
foot ship can by calculation easily be read as 350 feet with a correspond-
ing displacement ; a comparison can then be made for a given specd with
a member (actual or interpolated) of Type I. which would have the same
displacement. Mr, Froude’s iso-K curves give this comparison so
comprehensively that there seems no getting out of a complete study of
his method provided questions of this nature have to be dealt with.

In his 1888 paper Mr. Froude gave one complete curve of speed
and power, and all particulars in relation to the ship concerned. In-
terpreting this curve for a ship 350 feet in length we get a speed and
power curve as shown by the dotted line on diagram I. I give it here in
comparison with the other curves on diagram I as the power—especially
at some speeds—appears remarkably low.

Par. 27 in Mr. Froude's 1904 paper is a very interesting one. Without
producing results to prove his point, Mr. Froude gives as his experience
that form of cross section (extreme breadth and also area being conserved)
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individual shipyards.

is not necessarily an important clement in determining resistance,  Vary-
ing the draught, for instance, so that an original midship section coefficient
of .8775 becomes either .782 on the one band or .970 on the other he finds
(provided certain easy conditions are fulfilled) that resistance is not
materially increased or decreased. One of the conditions is the maint-
enance of the curve of sectional areas, and therefore of the prismatic or
cylinder coefficient (viz. .554); so that the generalisation here dealt with
allows a variation of block coefficient between .554 % .782(=.433) and
554 % .g970(==.537) without material change of LH.P. for given speed.
This experience is to my mind a very remarkable one; important as I
know curve of areas (and cylinder coefficient) to be I was not prepared to
find that midship arca coefficient had so little influence; indeed I have
generally considered it proved (no doubt from inconclusive data) that the
full benefit of fine lines can only be obtained if accompanied by a fairly fine
midship Section.
of the paper.
Since my paper to this Association of two years ago a good deal has
happened in the field of experimental tanks. I have in view the establish-
ment of the new tank at John Brown & Co.’s, Clydebank ; and I have
especially in view Sir Wm. White’s advocacy at the last mezetings of the
I.N.A. of a tank for research works, this tank to be installed and supported
by the shipbuilders, engineers and shipowners of the United Kingdom.
Sir Wm. White’s paper summaries so fully the advantages to be obtained

The conclusion that it is otherwise is one of the surprises

that it materially helps those in this and other countries who are
interested in a similar advocacy ; he lays stress on the differentiation of
tank work into two divisions, rescarch work on the one hand, and the
practical testing of particular designs on the other. For the research
work element he evidently' thinks there is ample room for a special
tank, in addition to whatever tanks may be established in connection with
This view of the matter was supported, during the
discussion, by Mr. Froude, who testified to the struggles that he had to fit

research work into the interspices of the immediate work which was going

on for the Admiralty. Certainly such a differentiation, carried inte
practice, as Sir Wm. White's advocates, had never occurred to me; the |
necessity for it is the outcome of experience, and points—as so much else
does—to continual increase, in the future, both in the demand for and
supply of experimental establishments for the purposes in question. The
difficulties with which Mr. Froude finds he has to “struggle” arec most
impressive, due as Sir Wm. White says they are to *“ the enormous develop-
ment in the Flect 'n recent years and the great variety of designs of ever
increasing speed and size ” concerning which the British Admiralty need ex-
perimental guidance. Of two things however I am quite convinced ; the first
is that a Tank which undertakes no research work will be in a poor way to
answer very elementary questions regarding suggested departures from
normal types in the matter of design; the second is the converse, viz. that
the Tank which does research work wholly and solely, is in danger of
getting away from investigations that are likely to be of real daily practical
importance ; the best of all ways to keep it in healthy touch with the
practice of the present time and to give it an opportunity of influencing the
direction of that practice, is to supply it with work representative of the
two principal branches of designing, the designing of warships and the
designing of merchant steamers.

In the discussion on Sir Wm. White’s paper Captain Matsuo did me |
the honour of referring to my paper liere of two yecars ago. In his.
remarks he said: “ His (Mr. Purvis') view is, of course, to make a tank
for the University, and to use the tank for the training of pupils, and for |
scientific investigation of the resistance of ships, and also for expsriments
on screw propellers for shipbuilders in Japan. There are many firms in |
Nagasaki and in other places in Japan, and they are very anxious to

have efficient ships, and to have their experiments carried out in an .
experimental tank. But besides this tank we have another in prospect, |
although it is not quite settled yet, that is, one proposed for the Navy.
The arrangements are not yet complete, but we have the prospect of
having this new tank for the Navy in the course of a few years. This will_
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show you how your Japanese friends, interested in Naval Architecture,
believe in the value of these tanks.”

I should like to say that I had no idea, when T wrote the paper
referred to, either of the tank proposed by the Navy Department, or of
the proposed Nagasaki tank. My view was that there should be a tank
in Japan, and I thought the University would probably be the most
suitable centre for its establishment. Applying some little criticism to
Captain Matsuo’s remarks, I think it would be found convenient to allow
absolutely no actual routine work of a University Tank to fall to the lot
of students, unless indeed to post graduates to whom it might be exceed-
ingly serviceable as a special course, In saying this I have in mind the
interests of the students quite as much as the broad usefulness of the
Tank. The trouble with our students, at the commencement of their
course, is the absolute want of knowledge of practical shipbuilding, or
indeed of any practical industry in the least connected with their future
profession ; and our work as teachers has to be directed towards at least
interesting them in practical questions with a view to their ultimate
employment in the shipyard or otherwise in the oversight and conduct of
practical work. Every new subject introduced shortens the time available ;
and such a special subject as tank experimenting, if made to bulk largely
in time, would—I am convinced-—divert attention from far more important
subjects. The students’ knowledge of the Tank work would certainly
have to be limited to a study of the general principles relied upon in the
conduct and application of such work, to the methods employed, and to
generalised results.

The routine work of the Tank would undoubtedly have its own
special staff, but I see no reason why that staff should not be controlled
by professors of the Shipbuilding Department of the Enginecring College.
Post graduates who had already had some practical experience in the
shipyards might be—indeed would be—invaluable members of the staff;
it would of course be understood that they were not at liberty to disclose

results of any experiments in which they were assisting, nor any other
information of a confidential nature,

In this connection it has always appeared to me very unfortunate that
the possibility of the divulgence of secrets has played so prominent a part
in the discussion of co-opcrative tanks in Britain; it has seemed to me to
be due largely to a misappreciation of the important part which the re-
search work of the establishment must—and would—bring to the discussion
of any problem submitted to it. In the majority of cases the individual
shipbuilder would have everything to learn from and nothing to teach to
those in charge. He would probably ask a number of questions which
could be answered from the data accumulated from earlier experiments ;
if he had some very special views which he wished put to the test, his
data of—whatever description—would readily be safeguarded. That has
always been my view with regard to England. In Japan, I see no reason
why, in a University Tank, research work should not bé combined with
special tests made for the Navy Department and also for private ship-
builders ; whether the research works were initiated by those in charge of the
Tank or by the Director of Naval Construction is surely a matter of detail ;
it might indeed be right that the latter should have a preponderating voice
in fixing the lines of an investigation. Navy Department work, when
considered urgent, would no doubt also take precedence of other work ;
but supposing work to have been undertaken, with the concurrence of the
Navy Department, for a private shipbuilding firm, then a reasonable and
allotted time would have to be allowed for the completion of such work-
Possibly after the interval of a few years, when the capability of a Univer-
sity tank had been well tested, it would be found that a single establishment
was insufficient for all demands. Even then I submit that at the present
time it would be better: to begin with ¢ Tank in which there are joint
rights, rather than go on rather indefinitely hoping that circumstances will
ultimately lead to the planting of one, two and even three establishments
all having the same general purpose and in some cases at least making

_ the same identical experiments.
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